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INTRODUCTION 

* 

Nonsmokers may be exposed to measurable amounts of tobacco 
smoke In indoor environments such as offices; public areas such 
as shopping centers, bars and restaurants; and private 
residences, particularly if the ventilation is poor. This 
passive exposure to environmental tobacco smoke (RTS) is f 
concern because several epidemiological studies have indicated 
that ETS exposure may increase the risk of lung cancer (i,2). 
The magnitude of a possible excess lung cancer risk for 
nonsmokers from ETS exposure is therefore of interest. 
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Repace and Lowrey (3) develop a *phenomenological modal" 
which estimates an annual excess risk from RTS exposure of 7.4 
lung cancer deaths (LCD)/100,000 nonsmokers 35 years of age and 
over. The risk calculation la Halted to individuals 35 years of 
age and over because only 0.264 of lung cancer deaths in 1980 
occurred among individuals less than 35 years of age (4), This 
excess risk, applied to an estimated U.S. population of 62,4 
million nonsmokers, 35 years of age and over, predicts 4,655 
nonsmoker lung cancer deaths frost RTS exposure. The category 
p nonsmoker " includes both ex-smokers and life-long never 
smokers. 

Rppace and Lovrey's phenomenological estimate of the lung 
cancer risk from RTS exposure has been widely accepted in the 
U.S. and Canada (5), Tet, the estimate la based on several 
unrealistic assumptions and on unstable data that warrant closer 
examination, it is the purpose of this review to examine several 
problems with the phenomenological model and to evaluate Aie * 
reliability of the lung cancer riak estimates derived from it. 

THE FHENQKRHOLOC1CAL HPPEL 

Repace and Lowrby's phenomenological model extrapolate* from 
the ob^rved (hence phenomenological) results of a study on a 
special group of ntvar smokers to the entire U.S, population of 
nonsmokers. The calculations use lung cancer incidence data from 
" cohort stud r b r Phillips et al (6,7) of California Seventh Day 
Adventist (SDA) never smokers and a second cohort of California 
never smokers. The SDA cohort of never smokers were followed 
prospectively from i960 until mid-1972 and the comparison never 
smoker cohort, from the American Cancer Society (ACS) 25-ftate 
«tudy, was followed from 1960 to the and of 1976. 
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The study by Phillips at al does not examine the association 
between RTS exposure and lung cancer, nor la any information 
obtained on RTS exposure. However, the SDA group was probably 
less exposed to RTS than the nonSDA group because lest than two 
percent of the SDAs were self-reported smokers as a result of 
the church proscription against smoking. Consequently, SDA newer 
smokers are not likely to be exposed to RTS in church operated 
businesses, in their own homes, or in the homes of other church 
members. 

Table I gives, for both SDA and nonSDA nawer smokers, the 
observed number of lung esneer deaths and the lung cancer death 
rate per 100,000 person-years for each 5-year age group starting 
from age 35. The age standardised relative risk of lung cancer 
for the SDA men and women compared to the nonSDA men and women 
is 1.73 and 2.54, respectively. 

Repace and Lowrey assume that alt of the difference In the 
lung cancer risk between SDA and nonSDA newer smokera is caused 
by s difference in exposure to ETS. They estimate the lung 
cancer risk from RTS exposure in the following manner, first, 
the age-specific lung esneer risks for SDA never smokers are 
subtracted from the cosipmrable risks for nonSDA nevef - smokers. 
For example, the lung cancer death rate for nonSDA newer smoking 
women 85 years of age and over Is 126.73 per 100,0p0 (Table 1, 
column 5), while the rate for the comparable group of SDA women 
is 22,54 (Table I, column 3). The difference, 104.19 
LCD/100,000, is attributed entirely to RTS exposure. Second , the 
age-specific differences in risk for men and women are weighted 
in order to derive a single age-specific risk estimate. For 
example, the difference between SDA and nonSDA R»en over 05 is 
48.96 LCD/100,000. The combined average for the over 85 age 
group, weighted by the number of person-years of observation for 


Source: https://www.industrydocuments.ucsf.edu/docs/phyx0000 
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TABLE I 


Numberof lyn^ CkntTr deaths and the lung cancer death rate 
per iuu,QGU perggn-yegrr (LCP/TOo.^brtor Seventh Day 
Adventist (SPA; and nonSDA never smokers (1 f 


MEN 


SDA 


nonSDA 

Age 

• Death,* 

LCD/I 00,000 

1 Deaths* 

LCD/100,000 

35-39 

0 

0 

0 

0 

40-4 4 

0 

0 

0 

0 

45-49 

0 

0 

0 

0 

50-54 

0 

0 

1 

5.16 

55-59 

1 

10.B0 

2 

6.39 

60-64 

1 

11.44 

4 

20.46 

65-69 

4 

46.04 

8 

56.72 

70-74 

1 

17.53 

0 

0 

75-79 

0 

0 

2 

30.58 

B0- B 4 

1 

26.69 

4 

113,73 

R 5* 

2 

70,73 

2 

119.69 


WOMEN 


SDA 


nonSD^ 

Age 

1 Deaths* 

LCD/100,000 

1 Deaths* 

LCD/100,000 

35-39 

0 

0 

0 

0 

40-44 

0 

0 

1 

6.07 

45-49 

0 

0 

2 

5.22 

50-54 

t 

4,51 

4 

6.49 

55-59 

1 

4.05 


11.22 

60-64 

1 

4.56 


10.76 

65-69 

1 

4.92 

4 

7.19 

70-74 

0 

0 

9 

20.34 

75-79 

1 

5,32 

10 

34.19 

80-84 

6 

57,67 

6 

39,21 

B 5* 

2 

22,54 

10 

126.73 


♦The actual number of observed deaths is estimated from Repace 
and Lowrey’s figures, which were adjusted for the effect of 
outmigration. 
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■ten and women, is 92.6 LCD/100,000, Third , the average risk 
estimates for both sexes combined are applied to the estimated 
population distribution of the 62.4 Million nonsmokers 35 years 
of age and over in the 0.S. in 1980, which Is assumed to be the 
same as the age distribution of the entirftJP.S. population in 
1974. For example, the excess lung cancer risk from BTS exposure 
of 92.6 LCD/100,000 men and women 85 years of age and over, 
combined, is applied to the estimated 981,164 nonsmokers over 65 
in the U,S. in i960. This predicts 909 enceas lung cancer deaths 
in this age group 1(92.6 x 961,1641/100,000]. Fourth , the excess 
lung cancer deaths for all age groups over 35 are summed. This 
adds up to 4,655 excess lung cancer deaths among the 62,4 
million nonsmokers, which gives an annual risk from ETS exposure 
of 7.4 LCD/100,000 nonsmokers 35 years of age and over. 

PROBLEMS WITH THE PHENOMENOLOGICAL MODEL 

There are three problems with Repace and Lovrey’s 
phenomenological model. t 

1, The lung cancer risk estimates derived from the SDA study 
are baaed on very few observed deaths and are unstable. 

2, The apparent differences in lung cancer mortality between 

SDA and nonSDA never smokers may be due to a variety of 
factors other than ETS exposure, * 

3, A number of assumptions and calculations are made that are 
clearly incorrect. ♦ 

1, Stability of the Model 

The reliability of Repace and Lowrey’a phepomenologlcal 
model ia strongly dependent upon the accuracy of the 


Source: https://www.industrydocuments.ucsf.edu/docs/phyx0000 
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age-specific lung cancer death rates calculated for the SDA and 

nonSDA never smokers. However, the SDA lung cancer death rates, 

in particular, are not likely to be accurate because they ire 

based on a small number Of observed lung cancer deaths. 
l\ • «** 

There were only 10 lung cancer deaths a«K>ng the SDA wen (the 
difference in risk between SDA and nonSOA sen is not, in fact, 
statistically significant) and 15 deaths aiiong the SDA woeien 
(6). The age-specific risks for 9 out of the 22 age groups are 
based on only one lung cancer death and there were no lung 
cancer deaths in an additional nine of the age groups. 
Consequently, the age-specific rates for SDA men and women 
varied widely, as shown in column 3 of Table I. For example, the 
lung cancer death rate for SDA women over 85 was less than half 
the rate for the preceding age group. Thia decline of lung 
cancer risk with age must be due to random^or other errors, 
because lung cancer death rates invariably increase with age 
( 8 , 0 ). * 

The small number of lung cancer deaths observed for the SDA 
cohort may be partly attributable to a lack of histopathological 
verification and incomplete follow-up. Theae two problem* did 
not orcur in the rronSDA cohort, which may partly explain the 
larq*' difference in the lung cancer rates between the two 
cohorts. The SDA cohort was also relatively small so that few 
lunq cancer deaths would be expected. Random fluctuations in the 
number of observed lung cancer deaths would result In large 
differences in tha age-specific lung cancer death rates. 
Therefore, theae rates are wery unitable. 

The phenomenological model is very sensitive to errors in 
the estimated lung cancer death rates for SDA never smokers. For 
example, adding one lung cancer death to the 70-71 year age 
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group for SDA vomen results in 183 fewer estimated deaths per 
year in the U.S., according to the method used by Repace and 
Lowrey (3). A second example concerns the over 85 age group. As 
noted above, the observed lung cancer death rate of 22.5 
LCD/100,000 SDA women 85 years of age andHdlder ia not likely to 
be correct, and ia probably a large underestimate of the true 
rate. This underestimate la responsible for a significant 
proportion of all lung cancer deaths attributed to RTS exposure. 
909, or 19.5%, of the estimated 9,655 excess lung cancer deaths 
in the U.S. among all nonsmokers 35 years of age and over occur 
among individuals over 85 years of age. The siajority of these 
deaths are attributable to the estimated risk for vomen over 85 
because of the large difference of 109.2 LCD/100,000 between the 
rate of 22.5 LCD/100,000 SDA women and 126.7 LCD/100,000 nonSDA 
women In this age group. An increase in the lung cancer death 
rate for SDA women over 85 years of age to a rate greater than 
that observed for women between 80-89 years of age (57.9 
LCD/100,000) would decrease the difference between the SDA and 
nonSDA cohorts and consequently decrease the predicted risk and 
number of deaths attributable to ETS exposure. 

For several age groups, the phenomenological model predicts 
more lung cancer deaths a«K>ng never smokers as a result of 
txposure to ETS alone than a reasonable estimate the total 
number of lung cancer deaths from all causes, as shown in Table 
II for men and Table III for women. The number of expected lung 
cancer deaths is obtained by multiplying the age-specific lung 
cancer death rates from ETS exposure alone (column 3) or from 
all causes (column 5) by an’estimate of the number of never 
smokers in each age and sex category (column 2). The latter is 
obtained by combining the 1979/1980 Health Interview Survey 


Source: https://www.industrydocuments.ucsf.edu/docs/phyx0000 
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(Hi s 1 est l mate# of the proportion and age and mx distribution 
ol never smokers with the U.S. Census estimate of the population 
35 years of age and over in 19B0 (10,11). The estimated number 
of lung cancer de^th%|rom ETS exposure alone is given in column 
4 of each table. The all causes estimate uses the lung cancer 
death rates observed tor never smokers In the ACS 25-state study 
(8). The estimated number of lung cancer deaths from all causes 
is given in column 6 of each table. 

The phenomenological model estimates fever male never smoker 
lung cancer deaths from RTS exposure than the estimated number 
of deaths from all causes. However, for women, the model 
estimates almost the same number of lung cancer deaths from RTS 
exposure than from all causes for the age group 70-74 and mort 
deaths from RTS exposure than from all causes for the age groups 
40-44, 45-49, 55-59 and 85 + . Por example, the estimate of 1,069 
female deaths attributable to ETS exposure in the 85* group is 
almost twice the estimate of 539 deaths from all causes.^The 
fact that the phenomenological model predicts, for several age 
groups, more lung cencer deaths from ETS exposure alone than 
from all causes indicates that the death rates used in the model 
art* unreliable indicators of the real risk associated with RTS 
exposure. 

2. o t her Causes for the Difference in Risk Between SPA and 
Non spa Nonsmokers 

Repace and bovrey's phenomenological model assumes that all 
of the difference in lung cancer Incidence between the SDA and 
nonSDA never emokers it caused by RTS exposure. This assumption 
does not allow for other possible confounding factors, such as 

OIGT8EC20K 
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differences between the SDA and nonSDA cohorts in diet or 
exposure to occupational carcinogens. 

The possibility of confounding by occupation, though 
possible, cannot be assessed. Phillips et al (6,7) did not 
determine the occupational distribution oT^SDA and nonSDA never 
smokers because occupation was coded differently for the two 
groups. Occupation would affect the estimated risks if a higher 
proportion of the nonSDA versus SDA never smokers were 
blue-collar workers exposed to carcinogens at work. 

Confounding by diet is probable. A low rate of consumption 
of vegetables or foods containing retinoids has been linked to 
•n increased lung cancer risk (12-15). The SDAs are known to 
follow a lacto-ovo vegetarian diet and this may reduce their 
risk for many types of cancer, both through a decreased intake 
of fats and an increased consumption of vegetables, eggs, and 
milk high in retinoids or vitamin A. Therefore, the low lung 
cancer incidence among the SDA never smokers may be due to 
dietary factors such as an above averaqe consumption of 
retinoids. A possible dietary cause for the difference in the 
lung cancer risk between the SDA and nonSDA never smokers Is 
supported by the lower risks for colonrrectal and breast cancer 
observed for the SDA group. Several studies have found that diet 
may be a risk factor for colon-rectal (16) and brjpaat cancer 
(17). There was a statistically significant decrease In the 
relative risk (RR) of breast cancer (RR • 0,80 and colon-rectal 
cancer (RR - 0.56) for SDA women never smokers compared to the 
nonSDA women never smokers (6). The relative risk of 
colon-rectal cancer for SDA men was also below 1.0 but was not 
statistically significant. 1 


Source: https://www.industrydocuments.ucsf.edu/docs/phyxOOOO 
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' 3, Ot h er Errors 

There are three instances where Repace and Lowrey make 

inappropriate assumptions. 

t. Rrpace and Lowrey ^Qcorrectly assume that nonsmokers haws 
i the same sex and age distribution as the entire O.S. white 

population, A comparison between the 1979/1980 HIS data and 
U.S. Census data (10) shows that the age distribution of the 

| U.5. nonsmoking population is skewed towards the older age 

] 

! classes, as shown In Table IV. For example, 25.38% of male 

j 

nonsmokers 35 years of age and over are between the ages of 
35 and <4 compared to 26.76% of all U.S. males 35 years of 
age and over and 10.5% of nonsmoking males are 75 years of 
aqe or over compared to 8.1% of all U.S. males. 

2. Repace and Lowrey combine both sexes, instead of calculating 
the expected number of deaths for each mex separately. The 
latter is required, as the age distribution of female^never 
and nonsmokers is different from the comparable 
distributions for men, as shown In Table IV, 

3. Repace and towrey estimate the excess lung cancer deaths 
from ets exposure for nonsmokers (ex* 5 ’ and newer smokers 
combined). This- should not be done because tWe difference In 
lung cancer death rates between the SDA and nonSDA group is 
for m f?rr smokers only. The excess risk for ex-smokers from 
exposure to ETS may differ from the risk for never smokers, 
either because of their previous smoking habit or because 
ever smokers are more likely than never smokers to be 
exposed to carcinogens at work (18). 

IS THERE INDEPENDENT SUPPORT FOR THE PHEHOMEHOUXSICAL MODEL7 

The phenomenological model, based on only 25 lung cancer 

deaths among never smoking men and women SDAs combined, provides 

Tl>6I8EE?:02 
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TABLE IV 

1979/1980 HIS estimates of the age distributions of never 

- and nonsmokers and~ tKe U.S. Census estimate 

for adults 35 years oT~age and over 


an unstable estimate of the lung cancer risk for nonsmokers ss s 
result of ETS exposure. Repace and Lowrey, though not directly 
addressing thus problem, use corroborative evidence to defend 
the estimated annual risk of 7.4 LCD/100,000. They jrgue that 
their findings are supported by 1) the results of s linear 
extrapolation model, after adjusting for tha nonsmokers retained 
ETS dose ahd 2) a sensitivity analysis of the ACS study on ETS 
exposure and lung cancer (8). 


1, Linear Extrapolation Model » 

Nonsmoker lung cancer risks from ETS exposure can be 
calculated by using a linear axtrapolation model. This method 


Source: https://www.industrydocuments.ucsf.edu/docs/phyxOOOO 
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estimates the risk for nonsmokers by dividing the lung cancer 
risk for current smokers by the ratio between the smoker's and 
nonsmoker * s average exposure. The linear model requires 
estimates of several parameters such as the number of nonsmokers 
and current smokers In the U.S. and their average dally exposure 
to ETS. The linear extrapolation model also requires three 
assumptions, 1) that it is valid to derive the lung cancer risk 
for nonsmokers exposed to ambient RTS from the observed risk for 
smokers exposed to directly Inhaled tobacco smoke. 2) that there 
is a linear relationship between risk and each unit of exposure, 
and 3) that no threshold exists at very low exposures where the 
risk falls to xero. 

Repace and Lowrey (3) pioneered the development of the 
linear model for estimating nonsmoker lung cancer risks from RTS 
exposure. Their linear extrapolation calculation estimates a 
lung cancer risk for nonsmokers of 0,83 LCD/100,000 from RTS 
exposure. This is significantly lover than the phenomenological 
model’s estimate of 7,4 LCD/100,000, Repace and Lowrey argue 
that the difference between the two risk estimates can be 
explained by the difference between the nonsmoker's inhaled 
exposure and the equilibrium RTS dose. # 

The inhaled exposure is based on the amount of ETS Inhaled, 
whereas the equilibrium dose calculates the steady-state burden 
Of particulate ETS in the lungs from the Inhaled exposure. The 
following equation calculates the equilibrium dose (3)i 

Equilibrium dose ■ Dnlr. 

where Dn equals the inhaled exposure in milligrams (mg); 8 
*9 ual * the deposition fraction for tobacco smoke particulates in 
the lungs; and r equals the mean lift for pulmonary clearance. 
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which is assumed to be 101 days. The deposition fraction for 
nonsmokers has been empirically estimated to be approximately 
11% (19). Fepece and Lowrey estimate that the equilibrium dose 
for the average nonsmoker inhaling 1,43 mg/day is 16 mg/day 
(1.43 mg x .11 x 101), which is 1/34th oT*their estimate of the 
average smoker's dally inhaled exposure of 544 mg. Repace and 
Lowrey*s estimate of the lung cancer risk for current smokers is 
315.6 LCD/100,000, Therefore, the linear model predicts a lung 
cancer risk for never smokers of 9.2B LCD/100,000 (315.6/34), 
Accordingly, the risk estimates derived from the linear and 
phenomenological models are approximately the same, with the 
phenomenological model providing the lower risk estimate. 

In fact, Repace and Lowrey*s adjustment of the linear model 
is based on an Incorrect comparison between two completely 
different estimates of exposure. The exposure of smokers is 
compared to the e f«f/I krIum dote of nonsmokers. Obviously, the 
correct comparison is either between the smoker and nonsmoker's 
Inhaled exposure or between the smoker and nonsmoker’s 
equilibrium dose. An estimate of the lung cancer risk for 
nonsmokers, using the linear model and the equilibrium dose, can 
be determined using an astimate of the deposition fraction for 
smokers. 

The deposition fraction for smokers has been*mpirically 
estimated to be between 70% and 96% (19-22). We will aasume an 
average retention rate of 80% for smokers. The equilibrium dose 
for smokers, using Repaca and Lowrey's estimate of the inhaled 
exposure for smokers of 544 mg, is 43,955 mg (544 x 0,80 x 101). 
Therefore, nonsmokers have only 1/2,747th of the smoker's 
equilibrium dose (43,955/16) and, consequently, only 1/2,747th 
of the smoker's lung cancer rate, or 0,11 LCD/100,000 


Source: https://www.industrydocuments.ucsf.edu/docs/phyx0000 
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f3t5.f> / 2>74T). Instead of supporting the phenomenological 

the use of the equilibrium dose in the linear model 
5 jqnifirantly decreases the likelihood that the phenomenological 
model provides a rej^iaj^# estimate of the average risk for 
nonsmokers from ETS exposure, 

2 . Sensitivity Analysis 

Repace and Lowrey (3) conduct a sensitivity analysis to 
explain the difference in the results of two cohort studies, one 
in Japan and one In the U.S., of female nonsmokers married to 
smokers. The sensitivity analysis uses an estimate of risk per 
i mg of exposure to tobacco smoke particulate that is based on 
the phenomenological model. GarfIntel's (8) analysis of the ACS 
date for 176,731 American women followed from i960 until 1971 
finds a statistically nonsignificant Increased relative risk of 
i.?0 for never smoking women married to smokers. Conversely, 
Hirayama's (23) study of 91,540 Japanese women followed from 
1966 to 1981 finds a statistically significant increased 
relative risk of 1.78, which is closer to the relative rlak of 
1.73 for men end 2.5.4 for women on which the phengmenological 
model is based. 

Repice and Lowrey suggest that tha ACS relativt risk is 
unrealistically low and actually results from confounding with 
workplace exposure, which they estimate to contribute four times 
as much exposure to BTS as tha home environment. The ACS study 
does not include workplace exposure as a factor in deciding 
exposure status. Nonsmoking women married to smokers are defined 
as exposed, whereas nonsmoking women married to nonsmokers art 
defined as unexposed. Nepace and Lowrey estimate that 38 percent 
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of the original unexpoaed and exposed ACS women worked outside 
the home and were therefore exposed to ETS at work. 

Repace and Lowrey*s sensitivity analysis recalculates the 
ACS results using an estimate of the lung cancer risk per 1 mg 
of BTS exposure and an estimate of the amount of home and 
workplace exposure recieved by the original ACS exposed and 
unexposed cohorts. The lung cancer risk per 1 mg of exposure is 
estimated by combining the phenomenological model’s estimated 
risk of 7.4 LCD/100,000 with an estimated average daily exposure 
to 1.43 mg of ETS. This estimates a risk of 5 LCD/100,000 per mg 
of exposure. The excess lung cancer risk from BTS exposure for 
each of four exposure categories - women not exposed at hoars or 
at work, women exposed at work only, women exposed at home only, 
and women exposed at home and at work - is determined by 
multiplying the estimated exposure by the rlak of 5 LCD/100,000 
per mg of exposure. For example. Repace and Lowrey estimate that 
employed women are exposed to 1.82 mg/day and women who live 
with a smoker are exposed to 0.45 mg/iay. Therefore, women who 
both work and live with a smoker are exposed to 2.27 mg/day for 
an excess risk of 11.35 LCD/100,000 (2.27 x 5). The excess risk 
from ETS exposure is added to the background lung cancer risk in 
the absence of any exposure in order to construct an expected 
death rate for each of the four exposure categories The lung 
cancer death rate of 8,7 per 100,000 person-years found in the 
Japanese cohort study for nonamoking women married to nonsmoking 
men Is used as the base lung cancer rate in the absence of 
either work or home exposure to BTS. 

The relative risk of 1,19 for women who live with a smoker 
versus those who do not, determined after the adjustment for 
work exposure and the use of the phenomenological model’s 
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estimate of risk, It only marginally different from the original j 

"unadjusted" risk of 1.20. According to Repace and Lowrey, this 
indicates that the estimated risk from the phenomenological 
model is a good estimator of the true risk in this cohort study. 

Problems with the sensitivity analysis 

Nepace and Lowrey's sensitivity analysis Is dependent upon 
t) the applicability of the background lung cancer death rate in 
the absence of smoking and 2 ) the relative importance of 
exposure at work versus exposure at home. 

t. The background risk 

The use of the risk of 1,7 LCD/100,000 Japanese women 
nonsmokers as an estlsiete of the background risk in the 
Garfinkel study Is Inappropriate, Repace and Cowrey note that 
the risk of 8.7/100,000 is an 'age-adjusted' risk, hut ft tq 
minted to the age dtetrlbntfen */ the hatbands of the Jnpnnett 
female nonsmokett and not to the ACS women mt risk . It is 
unlikely that the age distribution of Japanese male nonsmokers 
is the same as the age distribution of American female 
nonsmokers. 

The age distribution of the entire ACS population of 
nonsmoking women Is available and can be coetpared against the 
age distribution used in Hirayama's study. Both distributions 
are givi-n in Table V. If ve assume that the age distribution of 
nonsmoking women married to nonsmokers In the ACS study is I 

similar to the age distribution of all nonsmoking ACS women, it 
is possible to apply the age-specific lung cancer death rates 
from the Japanese study to the ACS population distribution, as 
shown in Table VI. The background lung cancer death rate is 


LUNG CANCER RISKS FROM PASSIVE SMOKING 

TABLE V 


Aoe distribution of 375.381 nonsm oking women at the start of 
rhe^ ACS study and the^onsmokinq husbands of 2T.B95 
nonsmoking women at the start of the Hi rayante study 


AGE 

AGS (24) 

Hirayama (1) 




under 49* 

0.3374 

0.2845 

50-59 

0.3278 

0,3558 

60-69 

0.2201 

0,3252 

10 * 

0.1147 

0.0345 

• ACS population starts at 30 years of 
population of husbands at 40 years of 

age and the Hirayama 
age . 


TABLE VI 


E.tt mot.d lung cancer death rate (LCD/i00,000) tor nonsmoking 
' l, n . study |8) a7 ter using the husbaTid- 

age~spec i f i c risks tor non smok jrrg~ women from Hirayama (1? 


AGE 

Hirayamas 
LCD/I00,00fi # 

Age Distribution 
oi ACS nonsmokers 

Expected LCD's 

under 49 

4.01 

0,3374 

1,35 

50-59 

8.02 

0.3278 

2,63 

€0-69 

15.80 

0.2201 

.*3.48 

70 4 

41.39 

0.1147 

4.75 



Total LCD/100,000 

12,21 


a 

• Age-specific LCD/100,000 person years, adjusted for the 
husband* s age (O, 


subsequently increased from 8.7 to 12.21 LCD/100,000. This is 
similar to the rate for all nonsmoking ACS women of 
approximately 13 / 100 , 000 , which indicates that there is no 
Increase in risk in the ACS study from ETS exposure. 
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I 

The background risk of 12.21 LCD/J00,000 can be used in the I 

sensitivity model, keeping in mind that the model is extremely j 

insensitive to large differences in risk. For example, the use 

o! the phenomenological estimate of the excess lung cancer risk 
‘h 

fro* ETS exposure results in a It difference between the 
adjusted relative risk of 1.19 and the observed relative risk of 
i,20. Decreasing the estimate of the excess risk 6.3^fold only 
increases the difference between the adjusted and observed 
relative risks by 17%. A change in the background risk frosi 8,7 
LCD/i00,000 to 12.21 LCD/100,000 increases the difference 
between the adjusted and observed relative risk from 1.0% to 
4.6%, which is a significant change considering the 
insensitivity of the sensitivity analysis. This indicates that 
the estimate of risk from the phenomenological model is a poor 
indicator of the true risk in the ACS population. 

The use of the background lung cancer rate from the Japanese 
study is also questionable. It assumes that none of the Japanese 
women worked. Accordingly, it is unnecessary to adjust their 
baseline lung cancer death’rate for workplace exposure to ETS. 

In fact, between 31% and 34% of Japanese women worked in paid 
employment durlng*the time period of the Hirayama study (25), 
and 15% of Japanese women smoked (26). Therefore, some workplace j 

exposure must have occurred from exposure to the tobacco smoke 
of fellow male and female employees. 

2 Ad] os tmenl for work rxyersrf 

The sensitivity analysis is dependent upon Repace and 
Lowrey's estimate, based on an exposure model, that workplace 
exposure accounts for 60.4% of the total daily average exposure 
to ETS, vhile home exposure accounts for only 19.6%. However, 
there is no independent supporting evidence for Repece end 
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Lowrey*s estimate on the relative importance of workplace versus 
home exposure from interview data 427} or from epidemiological 
studies. Hone of the four epidemiological studies which 
specifically examine the effect of exposure of women to ETS at 
work finds a statistically significant Loerease in risk 
(15,28-30). 

DISCUSSION AND CONCLUSIONS 

Other than Repace and Lowrey*s phenomenological model, two 
methods are available for estimating the lung cancer risk or 
number of lung cancer deaths among nonsmokers from ETS exposure. 
These methods consist of 1) a downward extrapolation from the 
risk for smokers and 2) the population attributable risk (PAR) 
equation (3i). 

The linear extrapolation model was developed by Repace and 
Lowrey (3) and has been further refined by Arundel et al (32). 

As shown above, Repace and Lowrey’s linear model does not 
support the results of the phenomenological model. In addition, 
the risk estimate of 0.83 LCD/i00,000 nonsmokers, determined by 
Repace and Lowrey from the linear model, is inaccurate. This is 
because their linear model overestimates the average nonsmoker's 
exposure to' ETS and the average current smoker's lung cancer 
■ risk, for example, the latter is estimated by Ref>ace and Lovrey 
after assuming that all lung cancer deaths among ever smokers 
(exr «nd current combined) occur only among current smokers. 

This results in a significant overestimate of the lung cancer 
risk for current smokers and, subsequently, for never smokers. 

The linear model developed by Arundel et al (32) estimates a 
lung cancer risk frosi ETS exposure for both sexes combined of 
0.022 LCD/100,000. This estimate Is based on the equilibrium 
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dose* However, the calculations by Arundel et al r at do thoae by 
Repace and Lovrey, rest on seversl assumptions that nay not be 
tenable. 

The large difference In the linear estimates by Repace and 
Lowrey and by Arundel et al illuatretea the extenaive 
uncertainty which accompanies the reaulta of theae types of 
models. Large errors in the risk estivates are possible in any 
type of model. Arundel et al provide a "sensitivity calculation* 
which indicates the effect of a 1 % change in each parameter of 
the linear model on the final risk estivate. This is useful for 
determining the most important parameters In the model, but does 
not replace scientifically desirable confidence limits. 

The PAR equation estimates the number of lung cancer deaths 

from GTS exposure using differences in risk observed in 

epidemiological studies. In this respect it Js similar to the 

phenomenological model, but the number of lung cancer deaths 

h 

from GTS exposure is calculated using only three parameters: the 
exposure rate in the population of interest, the relative risk 
of exposure, and an estimate of the number of nonsmokers in 1960 
(obtainable from the 1979/1960 HIS), Therefore, the PAR equation 
appears to be a remarkably simple method for estimating the 
number of lung cancer deaths among nonsmokers from ETS exposure. 
However, neither the exposure rate nor the relative risk are 
known for the entire population of nonsmokers. The exposure rate 
could be estimated from HIS data on the employment status of 
nonsmokers and the proportion who live with a smoker. 
Unfortunately, the relative risk cannot be estimated because 
most of the epidemiological studies on this problem only 
calculate riska for a subset of ell nonsmokert (married women) 
exposed to a subaat of all poaalbla exposures (spouse’s smoke) 
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The relative risk is particularly difficult to obtain 
because the PAR method requires an estimate of the relative risk 
for the average regularly exposed nonsmoker compared to the 
everaft unexposed nonsmoker. The relative risk must not be 
determined from a subset of the regularly exposed population of 
nonsmokers. Exposure should also be defined as cumulative 
exposure to all sources of ETS, 

An accurate method for estimating the lung cancer risk and 
the number of lung cancer deaths among nonsmokers from ETS 
exposure is of considerable interest. Repace and Lowrey's 
phenomenological estimate of the lung cancer risk for nonsmokers 
from ETS exposure Is unstable end inaccurate. The evidence 
presented by Repace and Lowrey to support the plausibility of 
their estimate is based on several errors and unrealistic 
assumptions, without corroborating data from independent 
sources, little confidence can be placed in their results, 

The results of the linear extrapolation model by Arundel et 
al and the results of the best available epidemiological studies 
further Indicate that the phenomenological estimate is in error. 
Both predict an extremely small excess lung cancer r^sk from ETS 
exposure. Conversely, Repace and Lowrey argue that the 12 
epidemiological studies on ETS exposure support the plausibility 
of a significant excess risk from ETS exposure. Hoiever, with 
one exception (for men exposed at work) (29), the observed risks 
are statistically significant only when the analysis of exposure 
Is limited to a comparison between female never smokers who are 
currently married to smokers versus married to nonsmokers. 
Exposure may also occur at work or at home from other household 
members and from previous spouses. Therefore, epidemiological 
studies should examine cumulative exposures from all sources. 
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The best available epidemiological analyses, by Koo et el (20) 
in Hong Kong and Garfinkel at el (30) In the United States, 
examine exposure fro* ell sources. Neither find e statistically 
significant increase in risk. Garfinkel et el (30) also 
correlate cumulative exposures froe ell sources over the 
previous five or twenty-five years against lung cancer incidence 
and find a negative correlation between an Increase in exposure 
and lung cancer. These analytes of cumulative exposures indicate 
that an association between lung cancer among nonsmokers and the 
spouse's smoking habit may be caused by confounding, not by ETS 
exposure. Confounding could occur either from life-etyle factors 
and occupational exposures associated with active smoking or by 
unreported active smoking by self-reported nonsmokers (30). 
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